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(54) Tire with improved run-flat design 



(57) A run-flat radial ply pneumatic tire (20) having 
a carcass (30) reinforced with elastomeric crescent 
shaped sidewall fillers (42) and two bead cores (41 ,4V) 
is disclosed. A cord reinforced hoop (21) extends radi- 
ally inwardly of one or more belt plies (50,51 ) about half- 



way between the lateral tread edges (14,16). A rubber 
insert (22) is interposed between the radially inner belt 
(50) and the hoop (21 ). The tire (20) made according to 
the invention provides excellent run-flat capability and 
exhibits improved ride over conventional run-flat tires. 
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Description 

Background of the Invention 

[0001] This invention relates to a radial ply pneumatic 
tire of any usual aspect ratio specifically for, but not lim- 
ited to, passenger cars and more particularly to a pneu- 
matic tire capable of being used in the uninflated condi- 
tion. The tire's structure is designed to improves ride 
performance of prior art run-flat tires without exhibiting 
the normal weight penalties associated with such tires. 
[0002] Various tire constructions have been suggest- 
ed for pneumatic run-flat tires, that is, tires capable of 
being used in the uninflated condition. One approach 
described in US-A- 4 11 1 249 entitled the "Banded Tire* 
was to provide a hoop or annular band directly under 
and approximately as wide as the tread. The hoop in 
combination with the rest of the tire structure could sup- 
port the vehicle weight in the uninflated condition. This 
band tire actually tensioned the ply cords even in the 
uninflated condition. 

[0003] Another approach taken has been to simply 
strengthen the sidewalls by increasing the cross-sec- 
tional thickness thereof. These tires when operated in 
the uninflated condition place the ply cords and the side- 
wall in compression. Due to the large amounts of rubber 
required to stiffen the sidewall members, heat build-up 
is a major factor in tire failure. This is especially true 
when the tire is operated for prolonged periods at high 
speeds in the uninflated condition. Pirelli discloses such 
a tire in EP-A- 475 258. 

[0004] US-A- 5 368 082 describes the first run-flat tire 
of commercial significance. The tire was approved as 
equipment option for the 1 994 Corvette automobile. The 
employment of special sidewall inserts improves stiff- 
ness. Approximately six additional pounds of weight per 
tire was required to support an 800 lb load in this unin- 
flated tire. These run-flat tires had a very low aspect ra- 
tio. This earlier invention although superior to prior at- 
tempts still imposed a weight penalty per tire that could 
be offset by the elimination of a spare tire and the tire 
jack. This weight penalty was even more problematic 
when the engineers attempted to build higher aspect ra- 
tio tires for the large luxury touring sedans. The required 
supported weight for an uninflated luxury car tire approx- 
imates 1 400 lbs load. These taller side-walled tires hav- 
ing aspect ratios in the 50% to 65% range means that 
the working loads were several times that of the earlier 
40% aspect ratio run-flat Corvette type tires. Such loads 
meant that the sidewalls and overall tire had to be stiff- 
ened to the point of compromising ride. Luxury vehicle 
owners simply will not sacrifice ride quality for run-flat 
capability. 

[0005] EP-A- 729 853 discloses a run-flat tire com- 
prising at least three annular bead cores located coax- 
ialJy with respect to the axis of rotation. The first and a 
second bead core are located radially inwardly from 
each sidewall, and at least one additional bead core lo- 



cated radially inwardly of each pair of reinforcement 
belts and radially outwardly of the first and second bead 
core. 

[0006] It is an object of this invention to provide a tire 
5 having an increased run-flat mileage as compared to pri- 
or art run-flat tires. 

[0007] It is a further object of the invention to create 
a run-flat tire having limited increase in weight and al- 
most no loss in ride or performance as compared to a 
10 conventional tire. 

Summary of the Invention 

[0008] The invention provides a run-flat radial ply 
? 5 pneumatic tire, as defined in the appended claims. 
[0009] Advantages provided by the invention are the 
ease of manufacturing on existing equipment, thanks to 
the lay up of the construction and the mechanical char- 
acteristics of the reinforcing hoop material. 
20 [001 0] Ride and handling performance in inflated con- 
ditions are improved and result from 

- the use of reinforcing cords having low modulus at 
low elongations, as met in a tire with normal inflation 

25 pressure; 

the presence of the rubber insert on top of the textile 
or steel reinforced hoop which distributes the pres- 
sure on a significant part of the belt width; on small 
deformations this insert contributes to damping and 

30 softening of the road impacts and on large deforma- 
tions it increases substantially the circumferential 
bending stiffness of the belt package; 

- the use of thinner crescent shaped sidewall fillers 
due to the load carrying capacity of the hoop. 

35 

[0011] Tires with very stiff sidewalls can be very diffi- 
cult to mount on rims. As the invention allows to make 
the sidewalls softer, tire mounting is facilitated. 

4 o Brief Description of the Drawings 

[001 2] Figure 1 is a cross-sectional view of a prior art 
tire made in accordance with EP-A- 729 853. 
[001 3] Figure 2 is a cross-sectional view of a tire made 
45 in accordance with one embodiment of the present in- 
vention. 

[0014] Figures 3-5 are cross-sectional views of differ- 
ent embodiments of the tire made in accordance with 
the present invention. 
^0 [0015] Figures 6 and 7 represent cross-sectional 
views of further embodiments of the tire made in accord- 
ance with the present invention wherein the hoop is not 
symmetrically located with respect to the equatorial 
plane of the tire. 

55 

Definitions 

[0016] 'Aspect Ratio" means the ratio of its section 



2 



3 



EP1 022 162 A1 



4 



height to its section width. 

[0017] "Axial" and "axially" means the lines or direc- 
tions that are parallel to the axis of rotation of the tire. 
[0018] 'Bead" or "Bead Core" means generally that 
part of the tire comprising an annular tensile member, s 
the radially inner beads are associated with holding the 
tire to the rim being wrapped by ply cords and shaped, 
with or without other reinforcement elements such as 
flippers, chippers, apexes or fillers, toe guards and 
chafers, the hoop under the tread being encapsulated io 
in tread rubber can be with or without other cord rein- 
forced fabric elements. 

[0019] "Belt Structure" or "Reinforcing Belts" means 
at least two annular layers or plies of parallel cords, wo- 
ven or unwoven, underlying the tread, unanchored to is 
the bead, and having both left and right cord angles in 
the range from 17° to 27° with respect to the equatorial 
plane of the tire. 

[0020] "Circumferential" means lines or directions ex- 
tending along the perimeter of the surface of the annular 20 
tread perpendicular to the axial direction. 
[0021] "Carcass" means the tire structure apart from 
the belt structure, tread, undertread, and sidewall rubber 
over the plies, but including the beads. 
[0022] "Flipper" refers to narrow strips of cords rein- 25 
forced material placed around the bead and bead filler. 
[0023] "Cord" means one of the reinforcement 
strands of which the plies in the tire are comprised. 
[0024] "Equatorial Plane (EP) means the plane per- 
pendicular to the tire's axis of rotation and passing 30 
through the center of its tread. 
[0025] "Footprint" means the contact patch or area of 
contact of the tire tread with a flat surface at zero speed 
and under normal load and pressure. 
[0026] "Innerliner" means the layer or layers of elas- 35 
tomer or other material that form the inside surface of a 
tubeless tire and that contain the inflating fluid within the 
tire. 

[0027] "Normal I nf lation Pressure" means the specific 
design inflation pressure and load assigned by the ap- *o 
propriate standards organization for the service condi- 
tion for the tire. 

[0028] "Normal Load" means the specific design infla- 
tion pressure and load assigned by the appropriate 
standards organization for the service condition for the J 5 
tire. 

[0029] "Ply" means a continuous layer of rubber-coat- 
ed parallel cords. 

[0030] "Radial" and "radially" mean directions radially 
toward or away from the axis of rotation of the tire. so 
[0031] "Radial Ply Tire' means a belted or circumfer- 
entially-restricted pneumatic tire in which the ply cords 
which extend from bead to bead are laid at cord angles 
between 65° and 90° with respect to the equatorial 
plane of the tire. 55 
[0032] "Section Height" means the radial distance 
from the nominal rim diameter to the outer diameter of 
the tire at its equatorial plane. 



[0033] "Section Width' means the maximum linear 
distance parallel to the axis of the tire and between the 
exterior of its sidewalls when and after it has been in- 
flated at normal pressure for 24 hours, but unloaded, 
excluding elevations of the sidewalls due to labeling, 
decoration-or protective bands. 
[0034] "Shoulder" means the upper portion of sidewall 
just below the tread edge. 

[0035] "Sidewall" means that portion of a tire between 
the tread and the bead. 

[0036] "Tread Width" means the arc length ol the 
tread surface in the axial direction, that is : in a plane 
parallel to the axis of rotation of the tire. 
[0037] The term "Run-flat" as used in this patent 
means that the tire structure alone is sufficiently strong 
to support the vehicle load when the tire is operated in 
the uninflated condition, the sidewall and internal sur- 
faces of the tire not collapsing or buckling onto them- 
selves, without requiring any internal devices to prevent 
the tire from collapsing. 

Detailed Description of the Preferred Embodiment 

[0038] Referring to Figure 1 there is illustrated a prior 
an run-flat tire 10 made in accordance with EP-A-729 
553. The tire 1 0 has an annular tread 1 2, a pair of lateral 
tread edges 14.16. at least two reinforcing belts 36 lo- 
cated radially inwardly of the tread 1 2, a pair of sidewalls 
16 extending radially inwardly from each lateral tread 
edge 14.16. a maximum section width (SW) and a tire 
carcass structure 30. The tire carcass structure 30 has 
at least two annular bead cores 26,26', at least a first 36 
and preferably a second ply 40. an innerliner 35, at least 
a pair of first crescent shaped fillers 42 and bead fillers 
43. The carcass structure 30. extends circumferentially 
about the tire from the first bead core 26 to the second 
bead core 26'. The tire's innerliner 35 is located radially 
inward ol the first ply 38 

[0039] The first crescent shaped fillers 42 are located 
between the first ply 33 and the innerliner 35. The op- 
tional pair ol second crescent shaped fillers 46 are lo- 
cated between the first ply 38 and the second ply 40. 
The second fillers 46 extend from a location radially in- 
ward of the radially outer end of each of the first and 
second bead fillers 43 radially outwardly beneath the re- 
inforcing belts 36 

[0040] Coaxially with respect to the axis of rotation 
one additional bead core 37 is located radially inwardly 
of the reinforcing belts 36 and radially outwardly ol the 
first and second bead cores 26,26'. The additional bead 
core 37 extends axially between the lateral tread edges 
14.16. close to the equatorial plane EP 
[0041] For purposes of this application and as far as 
appropriate, the various embodiments represented in 
the Figures 2 to 7 each use the same reference numer- 
als for similar components. 

[0042] The tire 20 as illustrated in Figure 2 is a pas- 
senger tire made according to a first embodiment of the 



3 



5 



EP 1 022 162 A1 



6 



invention. The tire 20 is provided with a ground-engag- 
ing tread portion 12, delimited by the lateral tread edges 
14,16. Sidewall portions 18 extend from the lateral tread 
edges 14,16 respectively and terminate each in bead 
regions 23,23', each bead region having an annular in- 
extensible bead core 41,41' respectively. Reference 61 
denotes a rim-flange protector. 
[0043] The tire 20 is further provided with a carcass 
structure 30 which extends from bead region 23 through 
first sidewall portion 18, tread portion 12, second side- 
wall portion 18, to bead region 23'. The turnup ends 
32,34, of the carcass structure 30 are wrapped about 
bead cores 41,4V, respectively and extend into the mid- 
dle of the sidewalls 18 of the tire. The carcass structure 
30 includes at least one reinforcing ply comprising one 
layer of parallel cords. The cords of this reinforcing ply 
are oriented at an angle of at least 75 degrees with re- 
spect to the equatorial plane of the tire 20. In the partic- 
ular embodiment illustrated, the cords are oriented at an 
angle of about 90 degrees with respect to the equatorial 
plane. The cords may be made of any material normally 
used for cord reinforcement of rubber articles, for exam- 
ple, and not by way of limitation, steel cord, carbon fiber, 
rayon, nylon and polyester. In the particular embodiment 
illustrated, the cords are made from rayon. 
[0044] The tire 20 may include a conventional inner- 
liner 35 forming the inner peripheral surface of the tire, 
if the tire is to be of the tubeiess type. 
[0045] Placed circumferentially about the radially out- 
er surface of the carcass structure 30, beneath the tread 
1 2 is a tread reinforcing belt structure 36 comprising two 
single cut belt plies 50,51. The cords of the belt ply 50 
are disposed in an opposite direction to the equatorial 
plane of the tire and from that of the cords of belt ply 51 . 
In the represented embodiment the cords of the belt 
plies 50,51 are oriented at an angle of about 23 degrees 
with respect to the equatorial plane. It is to be under- 
stood that the belt structure 36 may comprise any 
number of belt plies of any desired configuration and the 
cords may be disposed at any desired angle. 
[0046] As in the conventional high performance type 
tires, the tires according to the invention may enhance 
their high speed performance by the application of a fab- 
ric overlay layer 59 disposed about the tread reinforcing 
belt structure 36. For example, two ply layers having ny- 
lon or aramid cords may be disposed above the rein- 
forcing belt structure 36, the lateral ends extending past 
the lateral ends of the belt structure. Alternatively, a sin- 
gle layer of a helically wound aramid reinforced ribbon 
can be employed as an overlay. The aramid material has 
a substantially higher modulus of elasticity than nylon 
and accordingly results in a stronger tire reinforcement 
than two layers of nylon. 

[0047] Located within the bead region 23,23* and the 
radially inner portions of the sidewalls 18 are high mod- 
ulus elastomeric bead fillers 43 disposed between the 
carcass structure 30 and the turnup ends 32,34 respec- 
tively. The bead fillers 43 extend from the radially outer 



portion of bead cores 41, 41' respectively, up into the 
sidewalls, gradually decreasing in cross-sectional 
width. In the particular embodiment illustrated, the bead 
fillers 43 each extend radially outward from the nominal 
s rim diameter a distance of approximately 30mm (30%) 
of the maximum section height SH. 
[0048] In a preferred embodiment of the invention the 
bead regions 23,23' further include at least one cord re- 
inforced member 52, a so-called flipper, located around 

io the bead and bead filler and having radially inner end 
54 and radially outer end 55. In the illustrated embodi- 
ment, the cord reinforced member comprises only one 
component 52 extending up to 80% of the radial height 
of the bead filler 43 at its axially outer side and to about 

15 35% of the radial height of the bead filler at its axially 
inner side. The cords of members 52 are preferably in- 
clined, forming an included angle relative to the radial 
direction in a range from 25 D to 75°, preferably 45°. Al- 
ternate possibility is to use a single or a double chipper 

20 as bead region reinforcement. 

[0049] The sidewalls 1 8 are provided with elastomeric 
crescent shaped fillers 42. The fillers 42 are located be- 
tween the innerliner 35 and the carcass structure 30. 
The fillers 42 extend from each bead region 23,23' ra- 

2S dially to beneath the belt structure 36. The elastomeric 
fillers 42 have a maximum thickness B at a location ap- 
proximately radially aligned with the maximum section 
width of the tire 20, the thickness B being about 1 5 per- 
cent of the maximum section height SH of the tire. 

30 [0050] The overall cross-sectional thickness of the 
combination of elastomeric sidewall and bead fillers 42, 
43, may be constant or increase from the bead cores 
41,41' to the radial location of the maximum section 
width (SW) and thereafter decrease again up to the lat- 

35 eral edges of the belt structure 36. 

[0051] In practice, the rubber compositions for the fill- 
ers and the ply coats utilized in this invention are pref- 
erably characterized by physical properties which en- 
hance their utilization in runflat tires, as extensively de- 

*o scribed in above mentioned EP-A- 729 853. As taught 
therein, it is important that the rubber compositions for 
the bead and sidewall fillers 42,43 and the ply coats for 
one or more of the carcass plies have the properties of 
both relatively high stiffness and low hysteresis. 

45 [0052] Substantially halfway between the tread edges 
14,16, located between the carcass and the belt rein- 
forcing structure are several turns of a steel cord rein- 
forced layer constituting a reinforcing hoop 21 . The hoop 
21 is coupled with the belt structure 36 through a pref- 

50 erably trapezoidal rubber insert 22. The hoop 21 inter- 
acts with the portions of the belt reinforcing structure 
near the tread edges 14,16 and with the sidewall fillers 
42 through the carcass reinforcing structure 30. 
[0053] Because of the blow up of the green tire in the 

55 vulcanizing mold, advantage has been found in reinforc- 
ing the hoop with steel cords having constructions like 
3x7, 3x8, 4x4, 4x2, 5x1, 2+7, 3+8, 3+9. Presently pre- 
ferred steel cord construction is 3x7 X 0.1 75. The pres- 
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ently preferred steel grades are high elongation steels 
like HEC or similar. Such steel grades have a very low 
modulus (up to 10,000 MPa) in an elongation range up 
to 2%; tor elongations exceeding 2% the steel grades 
reach quickly high moduli (50,000 to 21 0,000 MPa). Ad- 
ditional advantage of this type of cords is that they have 
excellent fatigue properties and can easily be processed 
and applied on a building drum. It appears that when 
going through the footprint of an inflated tire, the hoop 
cords are working in their low modulus-low elongation 
mode, with resulting good comfort and wear balance. 
The cords are working in their high modulus-high elon- 
gation mode when the tire is in deflated-deflected con- 
dition, contributing thereby markedly to run-flat mileage. 
[0054] This hoop 21 should have a width WR com- 
prised between 5 and 50% of the tread width TW and 
more preferably between 5 and 10 % of the treadwidth 
TW and a thickness TR comprised between 1 and 15 
mm, more preferably between 2 and 6 mm. The hoop 
can be manufactured by winding a flat rubber strip, re- 
inforced by the steel cords, and having the width of the 
hoop, several turns -e.g. three in Figure 2- on the car- 
cass structure 30. The lateral cord density is preferably 
chosen to range from 6 to 28 EPI, most preferred being 
between 1 0 and 20 EPI . The inclination of the cords with 
respect to the equatorial plane of the tire may be com- 
prised between 0 and 30 degrees, preferably between 
0 and 5 degrees. If the inclination of the reinforcing cords 
with respect to the equatorial plane is zero degrees, the 
same steel cords extend through the different layers of 
the hoop and reinforce them. If the steel cords have a 
small inclination, their ends are cut on both lateral sides 
of the uncured rubber strip. The greater the inclination, 
the shorter the steel cords. Inclined cords allow for eas- 
ier expansion of the reinforced strip during tire building 
and expansion of the tire into the curing mold. 
[0055] The hoop 21 can also be manufactured by 
winding a ribbon, having a width of 0.5 to 2 cm and re- 
inforced by two or more steel cords, helically on the car- 
cass structure 30. Such way to proceed allows to man- 
ufacture a hoop having a section which is not substan- 
tially rectangular. In Figures 3-5 several hoop sections 
are represented, whereby the reference x01 identifies 
the ribbon and the reference x02 the cord reinforcement, 
the letter x representing the Figure number; the cords 
x02 have only been represented in one ribbon section. 
The use of a ribbon allows to give the hoop e.g. a sub- 
stantially trapezoidal (Figure 3), curved (Figure 4), U- 
shaped (Figure 5) or similar cross-section. It appears 
that the use of a ribbon allows to increase the density of 
the reinforcing cords at the location where they are most 
effective. Decreasing the width of the ribbon reduces 
productivity but is of benefit for tire uniformity 
[0056] Apart from the use of steel cord for reinforcing 
the hoop, it can be considered to use textile material 
such as nylon or polyester, preferably nylon or polyester 
monofilaments. In case of monofilaments such as 
1260/2 Denier Nylon, the lateral spacing of the cords in 



the ribbon or in the strip is preferably comprised be- 
tween 20 and 33 EPI. 

[0057] As represented in Figure 2, the hoop 21 is lo- 
cated halfway between the two lateral tread edges 14, 
5 1 6, so that the equatorial plane divides the hoop into two 
substantially equal halves. It may be of interest to have 
the hoop asymmetrically positioned with respect to the 
equatorial plane and more specifically this is the case 
for tires mounted on cars where the wheels have a 
10 marked camber. When such a tire loses its air, the first 
sidewall, which due to the camber is inclined towards 
the ground, tends to collapse or buckle onto itself, the 
second sidewall remaining in almost extended position. 
It appears that the major part of the weight of the car 

is has to be absorbed by the collapsed first sidewall. The 
excessive deformation of the first sidewall results in high 
heat generation and early failure of the tire. Placing the 
hoop closer to the first sidewall will counteract this buck- 
ling tendency and will allow the hoop to work more effi- 

20 ciently and cooperate with the first sidewall in supporting 
the weight of the car. The distance the hoop has to be 
shifted out of symmetry with respect to the equatorial 
plane depends on the car suspension and is believed to 
be proportional to the amount of camber of the tire; this 

25 amount could range up to 50% of the treadwidth TW, In 
order to insure correct location of the hoop on the car, 
such hoop shifting should only be implemented in tires 
having asymmetric tread patterns. 
[0058] We refer now to Figures 6 and 7, where tire 

30 sections are represented, which have their hoops locat- 
ed asymmetrically with respect to the equatorial plane 
of the tire. In Figure 6 the hoop is obtained by winding 
an about 3 cm wide strip several turns around the car- 
cass ply at a distance from the equatorial plane of about 

35 7 cm. In Figure 7. ribbon 701 has been helically wound 
so that its radial thickness towards the closest sidewall 
is increased. An easy way to change the radial thickness 
of the hoop is either to decrease or to increase the lateral 
displacement speed of the ribbon, from the equatorial 

to plane towards the shoulder of the tire, while winding the 
ribbon on the slowly rotating building drum. As explained 
above, having regard to Figure 3, the use of a ribbon 
allows to tailor the cord density to the reinforcement 
needs. In the present case the hoop has been given a 

45 roughly triangular cross-section. 

[0059] The trapezoidal rubber insert 22 is made of a 
soft rubber compound, having a Shore A hardness com- 
prised between 50 and 75 and more preferably between 
56 and 65. Its gauge i.e. the radial thickness between 

50 the top of the hoop 21 and the bottom of the radially 
inner belt ply 50 is in the range of 3 to 35 mm, preferably 
from 5 to 20 mm, most preferred being about 10 mm. 
This rubber insert is also beneficial having regard to tire 
building aspects. It allows to apply the breakers in a con- 

55 ventional way, i.e. flat on the building drum on existing 
equipment. The rubber insert provides furthermore soft 
material, compensating a deficit of elongation of the 
hoop during the tire blow-up on the building drum and 
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later in the tire vulcanizing mold. The gauge of the rub- 
ber insert combined with the cord elongation properties, 
is such that the tire is not stiffened in small deformations 
(deflection plus road unevenness) met in inflated tire 
condition, but is highly stiffened in deflated tire condition. 
[0060] It appears that the belt structure 36, the rubber 
insert 22 and the hoop 21 constitute an arrangement 
which can be compared to, and works like a beam, 
whereby the belt structure forms the upper flange, the 
hoop the lower flange and the rubber insert the web. 
[0061] When the tire has its normal inflation pressure, 
due to the hoop cords low modulus at low elongation, 
the strength of the lower flange constituted by the hoop 
is marginal and the beam like structure should more ac- 
curately be compared to a T-beam. This T-beam has a 
positive influence on tire comfort, because of its low cir- 
cumferential bending stiffness; furthermore its presence 
allows to reduce the gauge of the sidewall fillers 42. The 
T-beam like structure is believed to have a positive in- 
fluence on handling. The rubber insert also provides 
damping to the tire and does not contribute to tire stiff- 
ening for small deformations. 

[0062] When the cords of the hoop enter the footprint 
of a tire in deflated condition, they work in their high mod- 
ulus-high elongation mode. The hoop possesses con- 
sequently a high strength and the beam like structure 
has to be compared to an I-beam. The I-beam like struc- 
ture cooperates with the rubber fillers 42 in the sidewalls 
and improves the contact with the road, resulting in bet- 
ter handling. The tire deflection is not limited to the zone 
around the footprint but distributed through the hoop on 
the entire tire structure. This is especially important, 
since the tire carcass portion located at 180 degrees 
from the footprint will be solicited in tension. For a tire 
having the size 195/65R15, the tire crown circumferen- 
tial bending stiffness under large deflections, as met in 
run-flat mode, has been calculated to be 21 5 times larg- 
er for a tire as represented in Figure 2 than for a standard 
tire having no runflat properties. The circumferential 
bending stiffness of the tire as represented in Figure 2 
has furthermore been calculated in inflated conditions 
as being 10 times smaller than for a tire built according 
to the prior art and having a third bead. The lower cir- 
cumferential bending stiffness results in improved com- 
fort and treadwear balance. 

[0063] As illustrated in Figure 2, the carcass structure 
30, has turnup ends 32,34 which wrap about the bead 
core 41 and 41' respectively and terminate in proximity 
to the radial location of the maximum section width of 
the tire 20. As the invention is more specifically directed 
to a tire crown reinforcement structure, the exact 
number of plies comprised in the carcass structure, the 
specific layout of the beads or the way the carcass is 
anchored in the beads is of limited importance. The car- 
cass structure may comprise one or more cord rein- 
forced plies wound, radially outwardly or radially inward- 
ly, around the bead cores. The carcass structure may 
also comprise or consist of so-called floating plies, 



which extend from bead region to bead region 23, 23' 
but are not wrapped around the bead cores or the car- 
cass structure may comprise plies which extend from 
the beads, wound around the bead cores or nor, up to 

5 the belt structure 36. 

[0064] The annular tensile members or bead cores 
may have various shapes and layouts, such as for in- 
stance described in EP-A- 590 481 , 288 986 or 281 859. 
[0065] The invention is illustrated by the following 

10 presently preferred tire construction, as represented in 
Figure 2: 

[0066] The carcass structure comprises one single 
ply reinforced by rayon ; The ply is wrapped around the 
bead cores and the ply endings are located close to the 

'5 maximum section width SW. The tire has in each side- 
wall one single, crescent shaped filler having an 8mm 
gauge. The bead regions comprise flippers reinforced 
with nylon cords. The hoop comprises 3 turns of a one 
inch (2,5 cm) wide strip, reinforced by 3x7x.20 high elon- 

20 gation steel cords, having a lateral density of 11 EPI. 
The rubber insert located at the equatorial plane : be- 
tween the belt structure and the hoop, has a trapezoidal 
shape, with a 75 mm wide large base, a 30 mm wide 
narrow base and a 10 mm height. 

25 [0067] The belt reinforcing structure comprises two 
single cut plies reinforced by 2x.30 steel cords having a 
lateral density of 20 EPI and one single helically wound 
spiral overlay reinforced with aramid cords. 
[0068] The building drum used to build the tires had 

30 the usual cylindrical shape, well known by the man 
skilled in the art, with a groove in the middle of the drum. 
This groove had a shape adapted to receive the ribbon 
and the rubber insert, so that the drum had obtained 
again its cylindrical shape when the breakers were ap- 

35 plied. 

[0069] The only test results obtained with these tires 
up to now, were made in a laboratory and resulted in a 
runflat mileage of 2400 kms on a smooth wheel com- 
pared to 250-400 kms for prior art run-flat tires -i.e. with- 

40 out a hoop- in similar conditions. This mileage was ob- 
tained without camber of the tire. Under camber, it 
seems important to reduce the sidewall stiffness, be- 
cause the tire according to the invention does not per- 
form for small deformations. A stiff sidewall prevents the 

45 hoop from developing its own stiffness. Needless to re- 
peat that a reduction in the thickness of the crescent 
shaped fillers improves comfort of the normally inflated 
tire and reduces its weight, cost, rolling resistance and 
improves its uniformity. 

so [0070] Though in the different embodiments repre- 
sented in Figures 2-7, only one hoop has been included 
in the tire design, it lies within the scope of the invention 
to use more than one hoop. Such construction is espe- 
cially of interest for very low aspect ratio tires. When e. 

55 g. two hoops are included in the tire design, they may 
be symmetrically or asymmetrically located with respect 
to the equatorial plane, depending on the camber of the 
tire once mounted on the car. 
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[0071] While certain representative embodiments 
and details have been shown for the purpose of illustrat- 
ing the invention, it will be apparent to those skilled in 
this art that various changes and modifications may be 
made therein without departing from the scope of the s 
claims. 



Claims 

w 

1. A run-flat radial ply pneumatic tire (20) having 

- an annular tread (12) with lateral tread edges 
(14,16), a carcass (30), sidewalls (1B) and a 
belt structure (36) located between the tread is 
and the carcass; 

- the carcass comprising, coaxially with respect 
to the axis of rotation, two annular beads 
(23,23') with at least one bead core (41,4V) in 
each bead, and at least one cord reinforced ra- 20 
dial ply extending from bead to bead; 

- a pair of bead fillers (43), one bead filler located 
above each of the bead cores (41 ,4V) and ex- 
tending along the said cord reinforced radial ply 
into the sidewall (18); 25 

- at least one crescent shaped filler (42) in each 
sidewall (18), located radially inwardly the at 
least one cord reinforced radial ply, the cres- 
cent shaped filler extending from a location ra- 
dially inward of the radially outer end of the 30 
bead fillers (43) radially outwardly to beneath 

the belt structure (36); and 

- a crown reinforcing structure located between 
the lateral tread edges (14,16), between the 
carcass and the belt structure (36) comprising 35 
at least one reinforcing hoop (21) neighboring 

the at least one cord reinforced radial ply arid 
being adjacent to a rubber insert (22) neighbor- 
ing the belt structure (36), the at least one hoop 
(21 ) having a height HR and a width WR at least *o 
20% superior to its height HR, the rubber insert 
having a thickness of at least 3 mm and a width 
equaling at least the width WR of the hoop. 

2. The run-flat radial ply pneumatic tire (20) of claim *5 
1 , wherein the hoop (21 ) has a width WR comprised 
between 5 and 40% of the tread width TW. 

3. The run-flat radial ply pneumatic tire (20) of claim 1 

or 2 wherein the hoop (21 ) is reinforced with cords 50 
having an inclination with respect to the equatorial 
plane comprised between 0 and 10 degrees. 

4. The run-flat radial ply pneumatic tire (20) of any of 
claims 1 -3 wherein the hoop (21 ) is reinforced with ss 
steel cords made of high elongation steels having 

a modulus up to at most 10,000 MPa in an elonga- 
tion range up to 2%. 



5. The run-flat radial ply pneumatic tire (20) of claim 
4, wherein the hoop (21 ) is reinforced with UT steel 
cord chosen from the group consisting of 
3x7x0.175, 3x7x0.20, 4x4, 4x2, 5X1, 3+9, 2+7. 

6. The run-flat radial ply pneumatic tire (20) of claim 
1 , 2 or 3, wherein the hoop (21 ) is reinforced by tex- 
tile cord material chosen from the group consisting 
of nylon, polyester, aramid and mixtures therefrom. 

7. The run-flat radial ply pneumatic tire (20) of any of 
claims 1-6, wherein the hoop (21) has a substan- 
tially rectangular section and is obtained by winding 
circumferentially a cord reinforced rubber strip hav- 
ing the width WR of the hoop. 

8. The run-flat radial ply pneumatic tire (20) of any of 
claims 1-6, wherein the hoop (21) is obtained by 
winding helically a ribbon reinforced by at least two 
cords. 

9. The run-flat radial ply pneumatic tire (20) of claim 8 
wherein the hoop (21 ) has a substantially trapezoi- 
dal section, the larger base of the trapezoid facing 
the belt reinforcing structure. 

1 0. The run-flat radial ply pneumatic tire of any of claims 
1-9, wherein the rubber insert (22) of the crown re- 
inforcing structure has a Shore A hardness com- 
prised between 50 and 75. 

11. The run-flat radial ply pneumatic tire (20) of any of 
claims 1-10, wherein the rubber insert (22) has a 
thickness, as measured between the radially outer 
side of the hoop (21 ) and the radially inner ply of the 
belt reinforcing structure, ranging between 5 and 1 5 
mm. 

12. The run-flat radial ply pneumatic tire (20) of any of 
claims 1-11 having an innerliner (35) located radi- 
ally inwardly of the radially inner cord reinforced ra- 
dial ply. the sidewall (18) reinforcing fillers (42) be- 
ing located between said radial ply and the innerlin- 
er. 

13. The run-flat radial ply pneumatic tire (20) of any of 
claims 1-12 wherein the hoop (21) is spaced from 
the equatorial plane by a distance ranging between 
0 and 30% of the treadwidth TW of the tire. 



7 



EP 1 022 162 A1 




8 



EP1 022 162 A1 




9 



EP 1 022 162 A1 




10 



EP 1 022 162 A1 




11 



EP1 022 162 A1 




EP1 022 162 A1 




13 



EP1 022162 A1 




14 



EP 1 022 162 A1 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 0920 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X.D 



A.O 



Citation of document with indication, where apprcpnate. 
ct relevant passages 



US 1 534 365 A (T. DUNN) 21 April 1925 

* the whole document * 

EP 0 729 853 A (GOODYEAR TIRE & RUBBER) 
4 September 1996 

* page 7, line 1 - line 43 * 

* page 8, line 58 - page 9, line 7 * 

US 3 977 455 A (SWALES PETER DAVID ET AL) 
31 August 1976 

* column 2, line 13 - line 19 * 

* column 1, line 33 - line 38 * 

FR 2 702 180 A (MICHELIN & CIE) 
9 September 1994 

US 1 678 211 A (G.F. DAVIDSON) 
24 July 1928 

US 5 368 082 A (MC0UATE RAYMOND D ET AL) 
29 November 1994 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ilnt.CI.6} 



1,3 

1-3,6-8 



B60C3/00 
B60C9/18 
B60C 17/00 
B60C9/22 



The present search report has been drawn up for an claims 



TECHNICAL FIELDS 
SEARCHED (lnl.CI.fi) 



B60C 



Piact ol imkA 

THE HAGUE 



18 June 1999 



E«an»n*f 

Baradat. J-L 



CATEGORY OF CITED DOCUMENTS 

X : pamcuULiy re levant if lau>p atom 

Y : particularly relevant if combined wtfh another 

document of the same category 
A : technological backgrourd 
O : non-wnaert dados jrt 
P • trtermeooie document 



T : tneoiy or pr.ncple unaertyinc, the nvent on 
E ear.** patent ooeument. but puotisfted on. or 

attar tne ui ng oate 
D document cited in the application 
L : document c :ed lor other reaaona 

& : -nemoer ot me aame oaleni tamay correaponcing 
document 



15 



EP 1 022 162 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 10 0920 



This annex lists the patent family members reiatng to me patent documents cited m me above-mentioned European search repcn 
The members axe as contained in the European Patent Office EDP tile on 

The European Patent Office is tn no way liable tor these pamcuars whicn are merely given tor the purpose ol information. 

18-06-1999 



Patent document 




1 Publication 




Patent lamily 


Publication 


cited in search report 




| date 




memberisi 


date 


US 1534365 


A 


21-04-1925 


NONE 






EP 0729853 


A 


04-09-1996 


US 


5685927 A 


11-11-1997 








BR 


9600709 A 


30-12-1997 








CA 


2154188 A 


22-08-1996 








JP 


3244422 A 


24-09-1996 


US 39/7455 


A 


31-08-1976 


G6 


1474381 A 


25-05-1977 








AR 


199841 A 


30-09-1974 








AU 


7028074 A 


08-01-1976 








BE 


816821 A 


16-10-1974 








DE 


2431231 A 


16-01-1975 








DK 


346574 A 


10-02-1975 








FR 


2235006 A 


24-01-1975 








JP 


50031504 A 


28-03-1975 








LU 


70398 A 


28-11-1974 








NL 


7408665 A 


31-12-1974 


FR 2702180 


A 


09-09-1994 


NONE 






US 1678211 


A 


24-07-1928 


NONE 






US 5368082 


A 


29-11-1994 


AU 


670119 B 


04-07-1996 








AU 


4867793 A 


14-04-1994 








AU 


631561 B 


28-08-1997 








AU 


6802396 A 


19-12-1996 








AU 


631065 B 


14-08-1997 








AU 


6802496 A 


19-12-1996 








BR 


9303836 A 


05-04-1994 








CA 


2038382 A 


31-03-1994 








DE 


69315654 0 


22-01-1998 








DE 


69315654 T 


10-06-1998 








EP 


0590482 A 


06-04-1994 








EP 


0787603 A 


06-08-1997 








JP 


6191244 A 


12-07-1994 








MX 


9305781 A 


31-03-1994 








US 


5851324 A 


22-12-1998 








US 


5639320 A 


17-06-1997 








us 


5685927 A 


11-11-1997 





For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



16 



